1 This information is useful in determining triplet state properties such as the relative rates and routes of intersystem crossing as well as the specific spin level contributions to vibronic bands. In some cases the magnetic sublevels active to a·particular vibrational progression can be analyzed in greater detail by polarized PMDR 2 yielding information lost in standard techniques. Depending upon the specific case under investigation, the polarized components from the individual magnetic sublevels of the triplet may only be resolved to a varying degree. ."
the latter is called quadrature detection and is simply the measurement of the in-phase and out-of-phase components of a signal relative to a periodic perturbation. The application of quadrature methods to the determination of kinetic parameters in photochemical processes has been extensively developed by Johnston and co-workers. 4 A~ will be demonstrated, it can be valuable in resolving phosphorescence components in much the same vein since the emission amplitude is intrinsically kinetically determined.
Let us treat the kinetics of a microwave induced change in triplet phosphorescence resulting from the saturation or inversion of the populations of two of the three triplet spin sublevels. Consider explictly the case when the microwave pulse is short compared to any radiative or radiationless process and is applied repeatedly Combinations of the quadrants ql through q4 can be constructed which subtract random noise that is present and subtract all emission except that induced by the microwave field. Two such combinations are =
• -5-and = (8) and represent two signals displaced by 90° from each other. From these two signals a general phase angle, ¢, can be defined as
where the subscript v denotes the particular vibrational level in the (9a)
ground singlet manifold to which phosphorescence is being monitored and the superscript denotes the two triplet spin sublevels being periodically perturbed with the microwave field. The phosphorescence intensity changes and the quadrants q 1 through q4 are shown schematically in Figure l .
The importance of these phase relationships in PMDR spectroscopy is that they are expec.ted to be the same for measurements made monitoring phosphorescence to vibrational states of the same overall symmetry. They are also independent of microwave powe~ and hence to the degree of saturation of the magnetic sublevels, and to the polarization of the microwave transition moment. The difference in the magnitude of the phase angle and its functionality in ~ for phosphorescence to singlet vibronic states of different symmetries is easily obtained. 
The above equations assume the spin sublevels to be isolated and therefore neglect any spin-lattice relaxation effects. The same result (Eq.lO) is obtained for saturating micrO'N"ave pulses and inversion pulses as is expected in quadrature techniques since the phase angle is independent of the amplitude of a repetitive signal. This means that the phase angle is also independent of the extent of spin alignment in the magnetic sublevels. The important feature of Equations 10 and 11 is that the functionality of the phase angle is restricted to only ratios of radiative rate constants from the magnetic sublevels being connected by the microwave field since the total depletive rates k and k can be considered constant at any one temperature. What is not so obvious, however, are the reasons why the phase angle is expected to be independent of a particular vibration being monitored so long as tne overall symmetry of the vibrations remains constant.
•)
• 25 ms period are higher due to greater fluctuations in the exciting source ~J intensity at frequencies ~40 cps and the fact that the absolute intensity change due to the microwave perturbation is small at high modulation frequencies (see Eq. 2).
-9- Table I ... -10-The: data in Table I for ult . o a grea e en on exc~ on deac ~va ~on.
~s res s ~n a nonexponential decay (and buildup) for the traps while Eqs. 1 and 2 are derived assuming simple exponential behavior. Table II shows an example of a quantitative comparison of experimental and calculated data (Eq. 10) for the s~tetrachlorobenzene 2IEI transition monitoring the origin. The value of kr/kr for the origin X y .
was experimentally determined by decay techniques 3 to be ~5, indicating mixed emission. The data were calculated using this value and various combinations of lifetimes, with values of ~20 ms giving the best overall fit. These lifetimes are shorter than those experimentally determined (~25 ms) by decay techniques. 3 The overall fit is good with the largest error at high modulation frequencies.
Discussion
As a routine technique for distinguishing vibrational symmetries and determining rate constants, the method suffers some shortcomings.
These can be illustrated by considering two limiting cases of Eq, 10.
If the total lifetimes of the two magnetic sublevels being connected -11- 
and unfortunately is independent of any radiative rate constant ratios.
This means that the phase angle is the same for all vibrations.
In many aromatic molecules, particularly those with higher symmetries, the rate process in phosphorescence approaches the limits leading to
Eq. 12; consequently, great care must be exercised in measuring the phase angle since the differences are expected to be small. Large differences in the phase angle are expected, however, in intermediate cases.
Although the factors described above may limit the utility of quadrature techniques in PMDrt, the general form of the '1 dependence of ¢ can yield useful information. As the modulation period ' is made longer than the sublevel lifetimes the va+ue of ;>.. (Eq. 9b) approaches unity; however, the value bf ¢ for a given ' will be larger for emission from a sublevel with a short lifetime than from one with a long lifetime. This can provide information as to which sublevel is most active in emission. This information used in conjunction with polarization data can be useful in determining assignments. Such information may be difficult to obtain from simple decay measurements in cases where the lifetimes of the levels are nearly equal. In these cases quadrature techniques are particularly attractive since ¢ is independent of the magnitude of the population differences between sublevels. Thus The perturbing microwave pulse is applied during a short time (heavy vertical line) at the beginning of each cycle.
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